















































































































ඥሺ݄݋ݎ݅ݖ݋݊ݐ݈ܽ	݈ܿܽ݊ܽ	݃ܽ݅݊ሻଶ ൅ ሺܽ݊ݐ݁ݎ݅݋ݎ	݈ܿܽ݊ܽ	݃ܽ݅݊ሻଶ ൅ ሺ݌݋ݏݐ݁ݎ݅݋ݎ	݈ܿܽ݊ܽ	݃ܽ݅݊ሻଶ 3⁄ ,		and	total	
right/left	asymmetry	(%).	As	previous	studies	have	reported	no	correlation	between	horizontal	
canal	vHIT	gain	or	asymmetry	with	long‐term	recovery,	we	also	focussed	on	the	vertical	canals	
and	calculated	a	vertical	canal	gain	ඥሺܽ݊ݐ݁ݎ݅݋ݎ	݈ܿܽ݊ܽ	݃ܽ݅݊ሻଶ ൅ ሺ݌݋ݏݐ݁ݎ݅݋ݎ	݈ܿܽ݊ܽ	݃ܽ݅݊ሻଶ 2⁄ ,	and	
vertical	canal	right/left	asymmetry	(%).		These	formulae	provide	overall	values	for	the	
contributions	from	each	canal.			
Caloric	test:	Bithermal	caloric	irrigations	(30	&	44°C)	were	performed	(ICS	CHARTR,	GN	
Otometrics,	Denmark)and	the	degree	of	canal	paresis	was	calculated	using	Jongkees	formula	
and	expressed	as	a	percentage	as	previous	studies	(18).			
	
Symptoms	questionnaires		
In	parallel,	symptoms	during	the	past	month	were	scored	with	the	Dizziness	Handicap	
Inventory	(DHI)	(19)	and	the	Vertigo	Symptoms	Scale	short	form	(VSS)	(20).	We	also	asked	each	
patient	whether	they	felt	they	had	recovered	from	the	acute	episode	or	not.		
‐Table	1	about	here‐	
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Pearson	Correlation	Coefficient	analyses	were	employed	between	all	measures.	Independent	
samples	t‐tests	were	used	as	confirmation.	Linear	regression	was	used	to	test	whether	vHIT	
gains	predict	DHI	or	VSS	scores.	P‐values	were	corrected	for	multiple	comparisons.					
	
Results		
As	shown	in	Table	1,	eight	patients	felt	that	they	had	not	fully	recovered	from	the	acute	episode.	
These	patients	also	had	the	highest	DHI	and	VSS	scores	(paired	t‐test	P<0.002).	There	was	a	
strong	significant	correlation	between	DHI	and	VSS	across	the	group	of	20	VN	patients	
(P<0.001,	Pearson	Correlation	Coefficient=0.857).	There	was	no	correlation	between	caloric	
paresis	and	DHI	score	(Pearson	correlation	coefficient	=	‐0.134,	P=0.57)	or	between	caloric	
paresis	and	VSS	score	(Pearson	correlation	coefficient	=	‐0.076,	P=0.572).	There	was	also	no	
correlation	between	caloric	paresis	and	horizontal	canal	vHIT	gain	asymmetry	(Pearson	
correlation	coefficient	=	0.176,	P=0.458).		
With	linear	regression,	the	adjusted	R‐square	was	0.02	for	DHI	scores	and	0.084	for	VSS	scores.	
The	regression	was	not	significant	for	either	DHI	scores	(F[0.47],	P=0.82)	or	VSS	scores	
(F[1.29],	P=0.327).	Similarly,	stepwise	linear	regression	identified	no	predicting	independent	
variables	in	the	analysis	(no	variables	were	entered	into	the	analysis	for	either	DHI	or	VSS).	
As	shown	in	Figure	1	A‐F,	there	was	no	correlation	between	the	ipsilesional	vHIT	gains	for	the	
horizontal,	anterior	and	posterior	canals	and	vHIT	gain	asymmetry	for	the	horizontal,	anterior	
and	posterior	canals	versus	DHI	score.	
As	shown	in	Figure	2	A‐F,	there	was	also	no	correlation	between	the	ipsilesional	vHIT	gains	for	
the	horizontal,	anterior	and	posterior	canals	and	vHIT	gain	asymmetry	for	the	horizontal,	
anterior	and	posterior	canals	versus	VSS	score.		
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We	also	compared	vHIT	gains	and	vHIT	gain	asymmetries	for	the	horizontal,	anterior	and	
posterior	canals	between	the	8	patients	who	felt	they	had	not	recovered	and	the	12	patients	
who	felt	they	had	recovered.	Independent	samples	t‐tests	showed	no	difference	between	these	
groups	(P=0.26‐0.92).				
‐Figure	1	about	here‐	
‐Figure	2	about	here‐		
We	also	investigated	the	relationship	between	vHIT	response	and	recovery	by	grouping	the	
vHIT	single	canal	gains	into	the	mean	sum	of	the	canal	vectors	to	give	a	single	gain	value	for	the	
ipsilesional	and	contralesional	sides.	We	also	grouped	the	ipsilesional	semicircular	canals	into	a	
single	value	for	the	anterior	and	posterior	(vertical)	canals	gain	and	asymmetry,	as	described	in	
Methods.				
We	found	no	significant	correlation	between	the	vector	sum	of	the	three	ipsilesional	canal	gains	
(horizontal	+	anterior	+	posterior)	and	DHI	scores	(Pearson	correlation	coefficient	=‐0.124,	
P=0.60)	or	VSS	scores	(Pearson	correlation	coefficient	=‐0.302,	P=0.196).		Asymmetry	did	not	
correlate	to	DHI	(P=0.55)	or	VSS	scores	(P=0.13)	as	shown	in	Figures	3A	and	3B.		
In	addition,	there	was	no	significant	correlation	between	the	vector	sum	of	the	vertical	canals	
(anterior	+	posterior)	and	DHI	scores	(Pearson	correlation	coefficient	=	‐0.125,	P=0.60)	or	VSS	
scores	(Pearson	correlation	coefficient=‐0.152,	P=0.15).	Asymmetry	did	not	correlate	with	DHI	
(P=0.77)	or	VSS	scores	(P=0.10)	as	shown	in	Figures	3C	and	3D.		
Neither	total	nor	vertical	canal	gain	and	asymmetry	values	were	significant	predictors	of	DHI	or	
VSS	scores	with	multiple	regression	analysis,	i.e.,	no	values	were	entered	into	the	analysis	
during	stepwise	regression.		
‐Figure	3	about	here‐		
	
8 
 
Discussion	
Here,	we	find	no	evidence	to	support	the	hypothesis	that	chronic	symptoms	of	dizziness	or	
vertigo	following	acute	VN	are	associated	with	the	high	velocity	VOR	of	the	three	ipsilesional	
semicircular	canals.		There	was	no	correlation	between	ipsilesional	high	velocity	VOR	gain	or	
gain	asymmetry	of	the	single	or	combined	horizontal,	anterior	and	posterior	canals	measured	
with	the	vHIT	and	DHI	or	VSS	scores.	Patient	4	is	a	representative	example:	this	individual	was	
asymptomatic	(DHI=0)	but	had	an	ipsilesional	posterior	canal	gain	of	0.33.	In	contrast,	patient	
20	who	was	the	most	symptomatic	individual	(DHI=70)	had	normal	vHIT	gains	for	each	of	the	
canals	(above	0.78).		
Also,	as	in	previous	studies,	there	was	no	correlation	between	caloric	paresis	and	chronic	
symptoms	after	VN	(21,22)	or	between	caloric	paresis	and	horizontal	canal	HIT	asymmetry	(11)	
probably	reflecting	the	different	frequency	ranges	of	these	tests.	
There	is	little	doubt	that	acute	VN	triggered	the	patients’	chronic	symptoms,	however	residual	
semicircular	canal	deficits	might	not	be	a	crucial	factor.	As	the	otoliths	are	involved	in	the	
translational	VOR	(tVOR)	(23),	it	is	possible	that	impaired	otolith	function	could	explain	chronic	
symptoms	in	some	patients.	Utricular	function	is	typically	affected	in	VN	as	measured	with	
ocular	VEMP	(oVEMP)	(24).	In	a	one‐year	follow‐up	study	in	VN	patients,	Magliulo	and	
colleagues	(25)	found	that	four	out	of	five	patients	with	chronic	symptoms,	had	absent	
ipsilesional	oVEMP	responses.	Saccular	function	is	impaired	when	the	inferior	branch	of	the	
vestibular	nerve	is	affected.	However,	it	is	unlikely	that	otolith	damage	would	be	the	critical	
variable	predicting	long	term	outcome	in	VN	given	that	even	patients	with	vestibular	
neurectomy	recover	well	(26).	
Another	explanation	is	that	the	relative	weightings	of	vestibular,	visual	and	somatosensory	
signals	change	following	unilateral	vestibular	loss.	Indeed,	we	have	found	that	chronic	
symptoms	after	VN	may	relate	to	increased	visual	dependence	(3).		Psychological	(22,27)	and	
spatial	orientation	factors	(28),	also	have	a	strong	influence	on	long	term	outcome.	
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The	sample	size	used	in	this	study	(n=20)	is	also	a	potential	limitation,	but	if	this	were	the	case	
it	would	imply	that	the	relationship	between	clinical	outcome	and	vHIT	gains	is	very	weak	and	
therefore	unlikely	to	be	sensitive	enough	to	be	of	practical	use	in	a	clinical	environment.	Using	
mean	and	standard	deviation	data	from	our	strongest	correlation	coefficient	(Figure	2E,	
anterior	canal	gain	vs	VSS)	we	calculated	that	subjects	recruited	would	need	to	equal	n=58	to	
achieve	P<0.05	(Power=	0.8)	before	correction	for	multiple	comparisons.		
To	conclude,	chronic	symptoms	of	dizziness	or	vertigo	following	acute	VN	were	not	related	to	
the	high	velocity	VOR	of	the	horizontal,	anterior	or	posterior	semicircular	canals.		It	is	likely	that	
clinical	recovery	and	outcome	depends	mostly	on	central	compensation,	including	higher	level	
processing	in	the	brain.		
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Figure	1.	vHIT	VOR	gains	for	the	ipsilesional	A).	Horizontal,	B).	Anterior	and	C).	Posterior	
canals	and	vHIT	gain	asymmetry	for	the	A).	Horizontal,	B).	Anterior	and	C).	Posterior	
canals	versus	DHI	score.	vHIT	assessment	did	not	correlate	with	DHI	score.		
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Figure	2.	vHIT	VOR	gains	for	the	ipsilesional	A).	Horizontal,	B).	Anterior	and	C).	Posterior	
canals	and	vHIT	gain	asymmetry	for	the	A).	Horizontal,	B).	Anterior	and	C).	Posterior	
canals	versus	VSS	score.	vHIT	assessment	did	not	correlate	with	VSS	score.	
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Figure	3:	vHIT	VOR	gain	for	the	total	response	versus	DHI	score	(A)	and	VSS	score	(B)	&	
vHIT	VOR	gain	for	the	vertical	canal	(anterior	+	posterior	canals)	response	versus	DHI	
score	(C)	and	VSS	score	(D).	
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Table	1.	Vestibular	testing	data	and	symptom	scores	from	the	patients	who	participated	
in	this	study	(n=20).	
	
